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Previous genetic studies showed an association between variations in the gene coding
for the 1a receptor of the neuro-hormone arginine vasopressin (AVP) and musical working
memory (WM). The current study set out to test the influence of intranasal administration
(INA) of AVP on musical as compared to verbal WM using a double blind crossover
(AVP—placebo) design. Two groups of 25 males were exposed to 20 IU of AVP in one
session, and 20 IU of saline water (placebo) in a second session, 1 week apart. In each
session subjects completed the tonal subtest from Gordon’s “Musical Aptitude Profile,”
the interval subtest from the “Montreal Battery for Evaluation of Amusias (MBEA),”
and the forward and backward digit span tests. Scores in the digit span tests were
not influenced by AVP. In contrast, in the music tests there was an AVP effect. In the
MBEA test, scores for the group receiving placebo in the first session (PV) were higher
than for the group receiving vasopressin in the first session (VP) (p < 0.05) with no
main Session effect nor Group × Session interaction. In the Gordon test there was a
main Session effect (p < 0.05) with scores higher in the second as compared to the
first session, a marginal main Group effect (p = 0.093) and a marginal Group × Session
interaction (p = 0.88). In addition we found that the group that received AVP in the first
session scored higher on scales indicative of happiness, and alertness on the positive and
negative affect scale, (PANAS). Only in this group and only in the music test these scores
were significantly correlated with memory scores. Together the results reflect a complex
interaction between AVP, musical memory, arousal, and contextual effects such as session,
and base levels of memory. The results are interpreted in light of music’s universal use as
a means to modulate arousal on the one hand, and AVP’s influence on mood, arousal, and
social interactions on the other.
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INTRODUCTION
Music is a rich and varied sociocultural phenomenon whose roots
may be biological: as a form of courtship and signal of fitness
(Darwin, 1871; Miller, 2000); as an essential part of mother-
infant communication paving the way to emotional regulation,
social behavior and language (Dissanayake, 2000; Malloch and
Trevarthen, 2009), or as a unique way of achieving synchroniza-
tion and group cohesion (Huron, 2001; Kirschner and Tomasello,
2009). It is therefore intriguing that previous studies (see below)
have found an association between genetic make-up, musical
memory, itself found to be heritable with h2 estimated at 0.42–
0.80 (Drayna et al., 2001; Pulli et al., 2008), and neuro-hormones
heavily involved in social behaviors and emotional states. While it
is clear that music can have deep emotional effects and that its
processing relies heavily on memory, why or how should such
neuro-hormones modulate musical memory, and whether this
neuro-mollecular underpinning is unique to music or shared by
other auditory-vocal systems such as language—remains abso-
lutely unknown. In the current study we attempt to make the first
step toward answering some of these questions.
MUSICAL WORKING MEMORY, THE NEURO-HORMONE ARGININE
VASOPRESSIN, AND GENETICS
In a previous study we found an intriguing association between
musical working memory (WM) (Granot et al., 2007) and varia-
tions of the gene coding for the 1a receptor of the neuro-hormone
arginine vasopressin (AVP). In that study we reported on an asso-
ciation between promoter repeats in the arginine vasopressin 1a
receptor (AVPR1a) and serotonin transporter SLC6A4 (HTTLPR)
genes, and scores on a number of musical and phonological
WM tests. The strongest associations were found when both
AVPR1a RS1 and RS3 microsatellite regions were grouped by the
HTTLPR short or long promoter repeat in relation to two well-
established tests for tonal memory: Gordon’s “Musical Aptitude
Profile” (MAP, 1965) and the interval subtest (“same contour”)
from the “Montreal Battery for Evaluation of Amusias,” (MBEA,
Peretz et al., 2003), as well as in relation to a phonological
test devised for that study. In addition, we found a negative
correlation between total repeat length of RS1 and RS3 base
pairs and the scores in the MBEA test. These same two genes
were found by our group (Bachner-Melman et al., 2005) to be
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associated with dancing, which can be considered as a closely
related phenotype.
A replication of our previous study was achieved by Ukkola
et al. (2009) who genotyped 298 individuals from 19 Finnish fam-
ilies. In their study musical aptitude was tested via the Karma
test (Karma, 2007) which relies on memory for pitch patterns,
and Seashore’s pitch and time discrimination subtests from his
battery of musical abilities (Seashore et al., 1960). As in Granot
et al. (2007), a strong association between memory for music and
AVPR1a RS1 and RS3 promoter repeats was observed. In addi-
tion, those scoring high on the music tests were also more prone
to score high on music creativity, in itself also found to be, in
that study, highly heritable (h2 = 0.84). When tested for a direct
association between SLC6A4 and the musical test, a weak associa-
tion was found only with the Karma test, with no reported results
of Gene × Gene tests similar to those described in Granot et al.
(2007).
AVP AND SOCIAL AND EMOTIONAL BEHAVIOR
AVP has been strongly implicated in social behavior, particu-
larly in males. Social behaviors and emotional states typically
associated with AVP include pair-bond formation, courtship,
aggression, fear and anxiety, and increased vigilance and arousal.
Most of these effects have been shown in rodents (for a review
see, Young and Wang, 2004; Insel, 2010), but recent studies have
found some similar effects in humans (Donaldson and Young,
2008; Heinrichs et al., 2009; Bos et al., 2012). Our group (for a
review see Ebstein et al., 2010) has shown an association between
AVPR1a receptor gene and a number of social behaviors in var-
ious clinical and non-clinical populations including measures
of social stress (Ebstein et al., 2009), eating behavior (Bachner-
Melman et al., 2004), altruism (Knafo et al., 2008) dance
(Bachner-Melman et al., 2005), and autism (Yirmiya et al., 2006).
Complementing these genetic studies are a growing number
of pharmacological studies showing that neuropeptides, such as
vasopressin, which gain access to the human brain after intranasal
administration (INA) (Born et al., 2002), modify human social
behaviors. Thompson et al. (2004) found that INA of AVP
stimulates, in males, agonistic facial motor responses to neu-
tral same-sex faces, whereas it enhances affiliative responses in
women. Similarly, under AVP administration, male, but not
female responded with agonistic facial responses to pictures of
unfamiliar men displaying happy expressions and also rated them
as less friendly. These were accompanied by heightened auto-
nomic responses and anxiety levels (Thompson et al., 2006), and
may reflect sex specific stress coping strategies. Consistent with
this account, Uzefovsky et al. (2012) reported reduced ability
of males receiving AVP to correctly identify negative, (but not
positive) emotions in “Reading theMind in the Eyes” test (Baron-
Cohen et al., 2001), in response to photos of males as compared
to females.
Some interaction between emotional information, memory
and AVP has also been reported. Emotional faces elicited, in the
presence of AVP, better encoding as compared to neutral ones.
However, this was limited to familiarity ratings with no compara-
ble effects for recognition (Guastella et al., 2010). Finally, Shalev
et al. (2011) showed that AVP increased levels of cortisol and heart
rate only in conditions of social stress as compared to physical
stress or mental load.
It has been proposed that these social/emotional effects of AVP
are mediated in rodents by vasopressin V1a receptors in the lat-
eral septum, hypothalamus, bed nucleus of the stria terminalis,
hippocampus, amygdala, and brainstem (Loup et al., 1991; Young
et al., 1999). In humans, Zink et al. (2010) used fMRI to examine
the influence of AVP on processing human faces with different
emotional expressions, focusing on the medial Prefrontal Cortex
(mPFC) known to regulate amygdala activity. The results indicate
that the fear/aggression social behaviors related to AVP, are medi-
ated by its influence on the feedback loop between the amygdala
and mPFC.
AVP AND MEMORY
A large number of studies showmemory enhancing effects of AVP
administration on hippocampus dependent memory in rodents,
as seen in active or passive avoidance tasks (Feany, 1996), in
social recognition (Bielsky and Young, 2004), and in spatial mem-
ory (Alescio-Lautier and Soumireu-Mourat, 1999). Conversely,
mice with null mutation in the vasopressin V1a receptor display
social recognition impairments (Engelmann and Landgraf, 1994;
Landgraf et al., 1995).
In humans, the memory effects of AVP are more controversial.
Whereas a number of studies have shown enhanced memory for
verbal memory (e.g., words, numbers, sentences, stories) and for
visual information (e.g., visual patterns, maze tests), others have
found no such effects (for a review see: Caldwell et al., 2008). For
a summarizing table of AVP effects on memory and attention in
humans as reflected in studies published in 1981–1998, see Table
1 in Born et al. (1998). This table highlights the large variabil-
ity in the examined experimental variables including number of
subjects, gender, dosage, administration protocol, and the specific
administered memory or cognitive tests.
On the basis of the neuroanatomy of the AVP system, Born
et al. (1998) suggested that AVP mediates its memory effects via
the hippocampus and hence postulated that some of the variabil-
ity in the results seen in their Table 1 can be explained by dif-
ferences in the presumed underlying memory system supporting
performance in the various tests.
Other researchers, however, have suggested that the beneficial
memory effects of AVP are mediated by non-specific cognitive
arousal (Snel et al., 1987; Gais et al., 2002), or by specific enhanced
sensitivity to deviance, novelty and violation of expectations
which mark specific salient items for memory. This interpretation
is compatible with the consistent enhancement, in the presence of
AVP, of Event-related brain potential (ERP) components indica-
tive of such processes such as the N1, MMN, and P3 (Born et al.,
1998).
MUSICAL AND VERBAL WORKING MEMORY
Thememory literature definesWM as comprising of both a “stor-
age” of temporarily accessible limited amount of information
short term memory (STM) as well as the cognitive processes that
maintain and/ormanipulate the held information (Cowan, 2005).
Components of these cognitive processes include maintenance
operations, rehearsal, shifts of attention across items within the
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held information and retrieval mechanisms. However, their exact
nature, and the degree to which they are basic or reflect more
complex strategies beyond STM, is a matter of debate (Jonides
et al., 2008).
One influential model of WM is Baddeley’s model of ver-
bal WM (e.g., Baddeley, 1986, 1992). According to this model
verbal WM is presumed to include three components: a phono-
logical store that holds the verbal information for a few seconds,
a phonological rehearsal component based on subvocalization
of the to-be remembered items, and an executive component.
Clearly, all three components are relevant to holding musical
information in short term memory, including the notion of sub-
vocal rehearsal as shown by Koelsch et al. (2009). Applying this
model to music, begs the question of the degree of overlap or
distinction between memory for pitch and memory for speech—
mainly whether there is a different storage component for tonal
as compared to verbal information. At least partial dissociation
has been shown by Deutsch (1970). In that study Deutsch showed
that retention of a single pitch to be compared with a second pitch
following a delay of a few seconds is heavily influenced by the type
of information presented during this delay. Whereas intervening
pitch information clearly degrades memory, speech information
does not (see also Salamé and Baddeley, 1989). As a result a sepa-
rate “tonal-loop” analogous to Baddeley’s proposed phonological
loop has been proposed (Pechmann andMohr, 1992; Berz, 1995).
Other studies, however, point to at least some components
of auditory WM which are common to holding and manipulat-
ing both pitch and verbal information. These studies have either
shown some interference of pitch information on verbal memory
(Iwanaga and Ito, 2002; Alley and Greene, 2008) or more gen-
erally positive influence of musical training on verbal WM (Ho
et al., 2003; Fujioka et al., 2006; Bugos et al., 2007; Roden et al.,
2012).
A significant support for the idea of shared rather than inde-
pendent components of tonal and verbal WM is obtained via
brain studies showing largely overlapping neural networks sup-
porting WM for both types of auditory information. In general,
tonal memory is supported by a wide network including primary
and secondary auditory areas more right lateralized, the supra-
marginal gyrus particularly on the left, and dorsolateral inferior
frontal areas, more clearly seen under heavy memory load con-
ditions (Zatorre et al., 1994; Griffith et al., 1999; Gaab et al.,
2003). Premotor areas, the cerebellum, basal ganglia and the tha-
lamus are activated when subvocal tonal rehearsal is explicitly
required (Hickok et al., 2003; Koelsch et al., 2009). Importantly
a direct comparison of memory for verbal syllables and sung
pitches under rehearsal and under suppression elicited largely
overlapping brain areas consistent with this network (Schulze
et al., 2011).
Although Baddeley’s model has been especially influential in
the music cognition literature, a more recent approach may
also be relevant to the current study. Briefly, this approach
assumes a domain-general model of WM, where, in contrast with
Baddeley’s model there is no distinction between long termmem-
ory (LTM) and STM (e.g., Cowan, 2001, 2005; Oberauer, 2002).
Rather, memory representations of items are activated, either by
incoming sensory input or by volition, thus becoming available
for attentional selection. Importantly, capacity limits estimated
to range from 1 to 4 (depending on the exact model) individ-
ual items, or chunks, are assumed to depend on the attentional
selection mechanisms. In this model the main “bottleneck” is the
ability to shift focus of attention among a number of activated
representations as found in serially complex sequences such as
music. Hence factors influencing attention such as general arousal
levels (Sarter et al., 2001) may have significant effects on memory.
THE EXPERIMENTAL RATIONALE
This introduction maps a complex set of components related
to musical WM on the genetic, molecular, and cognitive level.
Musical WM shares a number of components with verbal WM,
it is heritable, and scores of WM are associated with AVPR1a hap-
lotypes. AVP has been shown to influence verbal WM, but not
always, and there is no agreement whether its influence is direct
and specific (e.g., through brain regions heavily involved in mem-
ory such as the hippocampus), or mediated by general factors
such as anxiety, attention and arousal. Hence we set out to study
the direct effects of AVP on musical WM using INA of AVP pos-
ing these three questions (1) whether similar or different effects
of AVP would be seen on verbal and musical WM, (2) whether
these effects would be toward enhancing or degrading WM, and
(3) whether they could more easily be explained through direct
and specific influence of AVP on WM or rather through second
order, non-specific effects related to mood, arousal and attention.
Since AVP has been to shown to influence not only mem-
ory directly, but also other second-order factors which could
potentially influence memory such as anxiety, social stress, gen-
eral arousal, (Ashby et al., 2002; Mitchell and Phillips, 2007), we
asked our subjects to fill out questionnaires related to these fac-
tors. Both anxiety state and trait have been shown to influence
WM albeit in complex ways, depending on the type of memory
(e.g., verbal vs. visual), the type of anxiety (e.g., social or other),
and the degree of distracting information. In general degrading
effects have been shown, mostly explained by the depleting effects
of worry onWM capacity (more consistent with Baddeley’s, 1992
WM model) or reduction of attentional focus on current task as
suggested more recently Eysenck et al. (2007) (more consistent
with Cowan’s, 2001 WMmodel).
We applied a double blind crossover (AVP—placebo) design
in which 25 healthy males with little or no musical training were
randomly assigned to one of two groups: The first group was
exposed to intranasal dosage of 20 IU of AVP in the first ses-
sion and a similar dose of 20 IU of Placebo (saline water) in
a second session 1 week apart. The second group received the
reverse order of drugs: Placebo in the first session and AVP in
the second. In each session subjects completed a set of question-
naires related to their attitude and reactivity to music (the “Brief
Musical Experience Questionnaire,” Werner et al., 2006), to anx-
iety (the Beck Anxiety Inventory (BAI); Beck and Steer, 1990);
and to mood (a visual analog adjusted scale based on items from
the “Positive and Negative Affect Scale” (PANAS), Tellegen et al.,
1988). They then performed four memory tests. These included
two musical memory tests: the tonal subtest from Gordon’s MAP
(1965); the interval subtest (same contour, in-key deviations)
from the MBEA (Peretz et al., 2003); and two tasks of verbal WM
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(the digit span test both forward and backward from theWechsler
Adult Intelligence Scale III, Wechsler, 1997).
MATERIALS AND METHODS
PARTICIPANTS
A total of 50 healthy male students (mean age ± SD, 25.08 ±
2.89) from the Hebrew University of Jerusalem participated in the
study. All subjects had little or no musical training (see Table 1).
Only male participants were recruited due to the many find-
ings that point to a male-specific effect of AVP (for a review
see: Heinrichs and Domes, 2008; Insel, 2010). Only partici-
pants with no history of psychiatric or endocrine illness (by
self-report), non-smokers, and not using medication on a regu-
lar basis were included in the study. Participants were asked to
abstain from food, drink (other than water) and physical exercise
during 90min preceding the experiment. Twenty five partici-
pants were randomly assigned to receive AVP in the first session
and Placebo in the second session (VP = Vasopressin—Placebo
Group) and the remaining 25 received Placebo in the first ses-
sion and AVP in the second (PV= Placebo—Vasopressin Group).
Participants were informed at the time of recruitment that the
experiment evaluates the effects of a hormone on memory for
music. Participants were paid a total sum of 200NIS (∼50 U.S.$)
for their participation in both sessions. The study was approved
by the S. Herzog Hospital IRB committee and the Israeli Ministry
of Health.
DESIGN AND PROCEDURE
Testing was carried out at the Music Cognition Lab at the Hebrew
University. Participants were scheduled for testing within a fixed
time-window (between 16:00 and 19:00 h) to control for effects
of circadian changes in endogenous AVP secretion. The session
lasted for 75min and was repeated 1 week later.
Prior to administering AVP or saline control, participants
were informed that they would receive in one session the hor-
mone and in another the placebo, but that neither they nor the
experimenter could know which is which. They were thoroughly
informed about the nature of the hormone and its possible side
effects, and were then asked to read and sign the consent form.
They were also told they could withdraw from the experiment
at any time. None of the participants, however, asked to do so.
Twenty IU’s of AVP (diluted in 0.9% NaCl, Sigma), or placebo
(sterile saline, 0.9% NaCl) were self-administered to both nos-
trils in the presence of the experimenter by use of a medicine
dropper.
During the waiting period of 15min until the hormone
becomes effective, participants filled out a battery of demographic
questionnaires, reporting on personal demographics, musical
background, habits, musical training, and the Brief Musical
Experience Questionnaire (BMEQ) (Werner et al., 2006) in its
Hebrew translation. The BMEQ includes 53 questions related to
the place of music in the individual’s life and her reactivity to it.
Subjects were asked to rate on a 1–5 scale how much each state-
ment was true of her experience or behavior (1= least, 5=most).
Items related to the subject’s commitment to music, affective and
motional reactions to it, creative tendencies and the degree to
which music is associated in her life with social uplift.
Following 15min from intranasal administration (AVP or
placebo) subjects were asked to fill out two questionnaires which
provide self-reported information on factors known to influence
WM on the one hand, and known to be influenced by AVP on the
other. These included information on mood, arousal, attention,
and anxiety as obtained by (1) the BAI (Beck and Steer, 1990)
and (2) a visual analog scale based on items from the adjusted
PANAS, (Tellegen et al., 1988). (1) The BAI inventory includes
21 multiple choice questions relating to physiological and emo-
tional states indicative of levels of anxiety. Subjects were asked
to rate the degree (0–3) to which each statement reflected their
state within the last week including the day of the experiment. (2)
The adjusted PANAS included 20 statements describing differ-
ent emotional states related to positive and negative affects (e.g.,
“At this moment I feel happy”), arousal (e.g., “At this moment I
feel alert”), attention (e.g., “At this moment I feel attentive”), and
worry (e.g., “At this moment I feel scared”). Subjects rated how
much each statement described their mood at the time, by mark-
ing a position along a continuous line between two end points
ranging from “completely agree” to “completely disagree.”
Twenty to twenty-five min after administration of the sub-
stance, participants performed four memory tests in a random-
ized order: (1) the tonal imagery subtest from Gordon’s MAP
(1965), (2) the interval subtest from the MBEA (Peretz et al.,
2003) and the digit span test—both, (3) forward (FDS), and (4)
backward (BDS) from the Wechsler III intelligence test in its’
Hebrew version (Wechsler, 1997). The same order of tests was
maintained in the second session. In addition, since these tests are
standardized tests, the items in each of the tests were presented in
the two sessions in the same exact order despite some likelihood
of learning effects.
(1) In the MBEA battery, tonal melodies are presented in
pairs with 50% of the melodies repeating exactly (“same”
melodies) and the remaining 15 melodies repeating with a
change in a single pitch (“different”). In the interval subtest
(the only subtest from the battery used here), “different”
melodies retain the contour of the original melody and
only one interval changes such that the new pitch remains
within the original key (the most difficult of the tonal tests
of this battery). Subjects’ task was to decide whether the
two melodies in each pair are same or different. Although
no reliability measures are given for subtests of the bat-
tery, the correlation of the entire battery over test–retest is
reported to be r = 0.75 and it is positively correlated with
the entire Gordon battery at r = 0.53 (Peretz et al., 2003).
(2) The tonal imagery subtest of Gordon’s MAP consists of
40 pairs of a musical tonal or modal phrases followed by
a “musical answer,” both recorded by a real rather than
synthesized violin playing. The musical answer is either a
variant of the target melody in which case it is considered
“similar,” or the musical answer is a different melody. The
instructions ask the subject to imagine that the extra notes
in the answer “are not really being played” and then to
decide whether the musical answer is similar to the target
melody or different. Note, that this is quite a different task
from the “same-different” comparison task required in the
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MBEA test, and relies more heavily on WM. Reliability of
the Tonal imagery subtest of the Gordon battery is 0.83
(using the split-half procedure) and its validity (correlation
with teacher’s estimates of musical talent) is 0.81 (Gordon,
1965).
(3, 4) Digit span tests were used here as an indicator of ver-
bal WM. However, unlike the musical tasks, it is a recall
task in which participants repeat the digits they have just
heard either in the same temporal order (“forward”), or in
reverse order (“backward”). The DST was presented by a
prerecorded male voice in a moderate pace of ∼250ms per
syllable and 0.5 s in between digit words.
All tests were presented via headphones at a comfortable loud-
ness level with each test preceded by written instructions and two
training items. The experimental tasks were run within a time
window of 50min presumed to be the time window in which AVP
is active in the brain (Born et al., 2002).
RESULTS
Demographic information on the subjects including information
regarding musical training is shown in Table 1. Beyond age and
Table 1 | Age and musical background and attitudes of the subjects.
Group 1 PV Group 2VP
(n = 25) (n = 25)
Age (SD) 23.6 (5.4) 25.6 (3.3)
Years of musical training (SD) 1.86 (2.2) 1.24 (2.4)
SELECTED ITEMS FROM BMEQ
(2) I frequently hear songs in my head 4.24 (0.92) 4.12 (0.99)
(10) It’s hard for me to keep the beat when
dancing
2.28 (1.1) 2.48 (1.26)
(14) There’s nothing more powerful than
singing a beloved song with other people
2.88 (1.09) 2.88 (1.18)
(30) I have a good sense of pitch 3.12 (1.24) 2.32 (1.29)
(31) I really get “lost” in the depth of my
concentration on music
2.6 (0.82) 3.12 (1.18)
(32) I often find myself swaying in tune
with the music to which I am listening
3.4 (1.26) 3.76 (1.07)
(42) Music helps me not feel so lonely 3.04 (1.17) 2.88 (1.03)
(51) Music can influence my emotions 4.12 (1.07) 4.12 (0.78)
T-tests on age (t = −1.6, df = 48, p = 0.114); years of training (t = 0.95, df = 48,
p = 0.35); BMEQ—Brief Musical Experience Questionnaire (first session): for all
items p > 0.24 adjusted (Bonferroni correction) for multiple testing.
years of musical training we also looked at a selected set of items
from the Brief Musical Experience Questionnaire (first session).
As seen in Table 1 this selection covers a set of attitudes and
behaviors potentially relevant to our study: Self report on musi-
cal ability (pitch and rhythm) (items 10 and 30); Reactivity to
music (2, 31, 32); Social uplift through music (14) and emotional
reactivity to music (42 and 51). T-tests on age, years of train-
ing and the BMEQ items indicate that our two groups were not
statistically different on any of these measures (Table 1).
In order to examine the effects of AVP on memory we ran a
separate 2–way repeated measures ANOVA on the raw scores of
each of the four tests with Group as a between subjects factor and
Session as the within subjects factor. Note that for the VP Group
Session 1 = AVP and Session 2 = placebo, whereas for the PV
Group the reverse is true: Session 1 = placebo and Session 2 =
AVP.
As seen in Tables 2, 3, there are no significant main effects
or interactions in the scores of the forward digits span test.
In the backward digits span test there is a main Session effect
F(1, 48) = 4.78 p < 0.05 with scores higher in the second as com-
pared to the first session (M = 8.58 vs. 9.2, respectively) suggest-
ing some learning has taken place, with no main Group effect,
nor a Group × Session interaction. In general these scores are
similar to (albeit a bit higher) norms reported for 70 Hebrew
University students (see under http://elsc.huji.ac.il/ahissar/links
choose Hebrew Reading Norms).
Notably, a different pattern of results emerges in the music
memory tests. In the MBEA test, scores for the PV Group
were higher than for the VP Group [F(1, 48) = 6.85 p < 0.05
24.95 vs. 22.77, respectively] with no main Session effect
nor Group × Session interaction. Results in the Gordon test
show a main Session effect F(1, 48) = 6.202 p < 0.05 with
scores higher in the second as compared to the first ses-
sion (33.22 vs. 31.67, respectively), a marginal main Group effect
F(1, 48) = 2.93 p = 0.093 (PV = 33.60 vs. VP = 31.34) and a
marginal Group × Session interaction F(1, 48) = 3.041 p = 0.88.
As seen in Figure 1, the difference between the groups is sig-
nificant (One Way ANOVA) in the first session F(1, 48) = 5.05
p < 0.05 but not in the second session (p = 0.41). It would there-
fore seem that in the music tests there is some interaction between
the AVP effects and the order of the sessions such that the AVP
effects are stronger in the first as compared to the second session.
We next carried out a second level analysis following the signif-
icant findings with the music tests. We first repeated the analysis
on theMBEA andGordon scores adding Years ofMusical Training
(Training) as a covariate. Pearson correlations between Training
and tests scores range from 0.37 (highest) for Gordon scores
Table 2 | Means (and SD) of scores on the memory tests.
Digit-span forward Digit-span backward MBEA Gordon
Session 1 Session 2 Session 1 Session 2 Session 1 Session 2 Session 1 Session 2
Group PV (N = 25)a 11.16 (1.95) 11.48 (2.10) 8.88 (2.13) 9.36 (2.31) 24.5 (2.63) 25.04 (2.62) 33.37 (4.36) 33.83 (4.72)
Group VP (N = 25) 10.92 (2.15) 11.36 (2.65) 8.28 (2.13) 9.04 (2.60) 22.60 (3.27) 22.95 (2.91) 30.04 (5.87) 32.64 (5.27)
aMBEA: N = 20 for the VP Group and N = 24 for the PV Group; Gordon: N = 25 for the VP Group and N = 24 for the PV Group.
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in the first session to 0.19 (lowest) for the Gordon scores in
the second session. For comparison, Training correlates with the
digit span scores very poorly (0.11 highest to −0.02 lowest). The
ANCOVA results show that while training is a significant fac-
tor [F(1, 40) = 6.03, p < 0.05 and F(1, 45) = 5.25 p = 0.061 for
the MBEA and Gordon scores, respectively], there are no signifi-
cant interactions of Training with the factors of Group or Session
or both. Therefore, training alone cannot explain the pattern of
response we see.
In order to probe further the degrading effects of AVP on
musical memory seen in the first session, we asked whether these
effects are mediated by some interaction between AVP, the musi-
cal memory demands and anxiety and mood variables. These
variables were probed because they have been associated with AVP
on the one hand (see “AVP and social and emotional behavior” in
the Introduction) and with memory on the other (Lupien et al.,
2007; Joëls and Baram, 2009). Hence we examined whether scores
of mood and anxiety were affected by AVP (given that they were
Table 3 | ANOVA Results (F -values) for the four memory tests.




0.94 0.54 6.84* 2.93 (p = 0.093)
Session (First vs.
Second)
2.59 4.78* 1.22 6.2*
Group × Session 0.65 0.24 0.06 3.04 (p = 0.088)
*p < 0.05.
FIGURE 1 | Mean scores for the Gordon music test in the first and
second sessions in the two groups of subjects. The group receiving
Vasopressin in the first session (PV, N subjects = 24) performed
significantly worse than the group receiving placebo in this session (PV, N
subjects = 25). No such differences were noted in the second session.
∗p = 0.029.
collected about 15min post INA—more or less the time when
AVP could become effective), and whether they were in any way
correlated with memory scores.
For the mood scales scores (adjusted PANAS) we first per-
formed a PCA in order to reduce the number of scales (20) to a
smaller set. Table 4 presents the loadings (varimax rotation, raw)
on the first 4 factors (eigen values > 1) which explain together
69% of the variance in the PANAS scores across both sessions.
Very similar results are obtained when only scores of the first ses-
sion are entered into the PCA. Factor 1 has high positive loadings
on negative affects: sadness, nervousness, and hostility. Factor 2
in contrast loads mostly on positive and energetic affects such as
happiness and excitement. Factor 3 has a high positive loading
on calmness and high negative loading on tension hence seems
to reflect positive valence with low arousal. Finally factor 4 has
high loadings on descriptors related to attentiveness and alertness.
To simplify the analyses we selected from each category the scale
that had the highest loading in each factor: Aggressive (0.88 on
Factor 1); Happy (0.85 on Factor 2); Tense (0.85 on Factor 3);
and Focused (0.81 on Factor 4).
As can be seen in Table 5, the repeated measures ANOVA
shows no main effects of Group or Session nor interactions on
the BAI scores, suggesting there is no effect of the AVP on anx-
iety scores as measured by the BAI. Similarly there were no
main effects of Group or Session nor interactions on scales of
Aggression and Tension. There was, however, a main Group effect
on the scale of Happiness F(1, 48) = 4.67, p < 0.05 withmean rat-
ings higher for the VP Group (M = 6.97) as compared to the PV
Table 4 | Factor loadings of the PCA on adjusted PANAS scale.
FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4
Happy −0.21846 0.846964 −0.17422 0.076334
Calm −0.16684 0.169529 −0.81902 0.262332
Tense 0.285827 0.093084 0.852169 0.052898
Gloomy 0.780943 −0.09901 0.269818 −0.13455
Upset 0.583492 0.029475 0.403259 0.054034
Enthusiastic 0.132341 0.707605 0.043296 0.214582
Relaxed −0.05818 0.117599 −0.7656 0.306979
Sad 0.738563 −0.01434 0.030247 −0.14739
Distressed 0.736447 −0.01134 0.264477 0.247942
Downhearted 0.846428 −0.11102 −0.12472 −0.11585
Alert −0.23053 0.263472 0.074002 0.700108
Scared 0.670571 0.174115 0.342303 −0.08277
Joyful −0.01537 0.804117 −0.13547 0.130479
Excited 0.263171 0.754333 0.178112 0.152586
Nervous 0.733668 0.187284 0.327828 −0.22283
Attentive −0.07625 0.104636 −0.28613 0.796554
Active −0.07142 0.35166 0.10899 0.700031
Focused 0.00085 0.029962 −0.33527 0.809891
Hostile 0.800071 0.031516 0.156503 0.002942
Aggressive 0.885901 0.004644 0.082433 −0.04499
Explained variance 5.479186 2.779575 2.854834 2.70483
Proportion of total 0.273959 0.138979 0.142742 0.135242
Marked loadings are >0.70.
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Table 5 | Means (and SD) on scores on the Beck Anxiety Inventory
and on selected scales of the adjusted Positive and Negative Affect
Visual Analog Scale (PANAS).
Group PV (N = 25) Group VP (N = 25)
Session 1 Session 2 Session 1 Session 2
(Placebo) (Vasopressin) (Vasopressin) (Placebo)
BAI 6.2 (5.99) 6.24 (6.31) 6.0 (6.64) 5.92 (6.24)
Aggressive 1.79 (1.29) 1.96 (1.18) 1.69 (0.83) 1.83 (1.29)
Happy* 6.08 (0.98) 6.04 (1.73) 6.92 (1.66) 7.02 (1.91)
Tense 2.73 (1.40) 2.98 (1.62) 3.63 (2.15) 3.16 (2.12)
Focused** 6.95 (1.83) 6.44 (1.57) 7.95 (1.55) 7.27 (2.23)
*Main Group effect F(1,48) = 4.66 p = 0.036, no Session effect p > 0.8 and no
interaction p > 0.6.
**Main Group effect F(1, 48) = 4.25 p = 0.045; main session effect F(1, 48) =
5.33 p < 0.05, no interaction p > 0.9.
Group (M = 6.04) with no main Session effects and no interac-
tions. There were also main Group F(1, 48) = 4.24 p < 0.05 and
main Session effects F(1, 48) = 5.33 p < 0.05 for the scores on
Focused with higher mean ratings for the VP Group (M = 7.61)
as compared to the PVGroup (M = 6.69) and higher scores in the
first as compared to the second session (M = 7.45 vs. M = 6.85,
respectively), with no Group × Session interaction. In summary,
Focused and Happy ratings are higher in the VP Group as com-
pared to the PV Group and scores of Focused are higher in the
second session as compared to the first session.
In order to further examine the possible influence of these
factors on the memory tests we examined the correlations
(Spearman’s rank-order) between the scores on these two mood
scales of Happy and Focused and the fourmemory tests. Although
there may be some carryover effects from the first to the second
session, we examine here only the more easily interpretable cor-
relations within equivalent sessions (e.g., Happy in first session
and memory in first session). As seen in Table 6A, there were no
such significant correlations in the group receiving Placebo in the
first session (PV Group). In contrast in the VP Group that scored
significantly higher on these scales, there were significant corre-
lations between mood scores and memory scores. Remarkably
these correlations reached significance only in the music tests
(Table 6B). In general there is a medium-high positive correla-
tion between both Happy and Focused scores and music memory
scores (Figure 2), more noticeable in the first session (3 of 4 possi-
ble correlations are significant within this session). Those scoring
high on these scales obtained higher memory scores than those
who scored low on these scales.
In sum, the group that received vasopressin in the first ses-
sion shows higher scores on scales of Happy and Focused and
lower scores on the memory tests and it is only in this group that
mood andmemory scores are correlated, more strongly in the first
session.
DISCUSSION
Previous genetic studies (Granot et al., 2007; Ukkola et al., 2009;
Ukkola-Vuoti et al., 2011) have suggested a link between AVP
and musical ability, creativity and listening habits. This link was
interpreted to reflect the evolutionary roots of music as a com-
plex vocal social communication, albeit the exact mechanisms of
the presumed relationship remain to be resolved. More generally,
our knowledge of the neurochemistry of musical processing is
very limited with only a handful of studies which have focused on
dopamine and to a lesser extent serotonin and endorphins mainly
through studying brain imaging and deducing the involvement of
these neurochemicals from brain imaging. In the current study
we aimed at better understanding of the role of AVP in musi-
cal processing by implementing a pharmacological strategy and
examining the effects of a single exposure to AVP on scores of
musical memory tests. Such a methodology has been previously
used to study verbal memory. This is, however, to the best of our
knowledge, the first research to implement this methodology for
the study of musical memory.
Our results show a complex and somewhat unexpected pattern
of results. First, on the whole effects are limited to the music tests
and, moreover, to the group of subjects receiving AVP in their
first session. Second, contrary to the general memory enhanc-
ing effects seen in rodents, and in some human studies, in the
current investigation AVP impaired memory. Third, these effects
interact with the state of the subject in terms of alertness, focused
attention and positive valence.
The only effect observed in the digit-span test scores was an
increase in performance from the first to the second session. In
contrast with the musical memory tests, no enhancing or degrad-
ing effects of AVP were observed on verbal memory. This is
consistent with some previous results failing to show any effects
of AVP on verbal memory (Tinklenberg and Thornton, 1983;
Sahgal, 1984; Fehm-Wolfsdorf et al., 1985; Snel et al., 1987; Perras
et al., 1997).
In both music tests in the first session, the group that received
AVP (VP Group) performed worse than those receiving placebo
(PV Group). In the second session the picture is less uniform.
In the MBEA test the VP Group (which had switched to receiv-
ing Placebo in the second session) still performed worse than
the PV Group, whereas in the Gordon test, there was a trend
toward an interaction: The VP Group which performed signifi-
cantly worse than the PV Group in the first session, improved in
the second session. In contrast, the PV Group did not improve.
As in the backward digit span test, this improvement may reflect
some learning of strategy rather than memory for specific items,
since no such learning effect was observed in the MBEA test. We
do note, however, that the MBEA pounds less on WM as com-
pared to the Gordon test. Whereas the MBEA test requires simple
comparison across the two presented patterns, the Gordon test
requires not only holding the presented tones in memory, com-
parison and shifts of attention as the sequence progresses, but also
avoiding distraction and interference from the additional tones
inserted as embellishing notes to create a variation on the first
pattern.
A within subject design in which drug effects are tested across
two sessions (one with the drug and the second with placebo) is
potentially a goodmethodological choice since each subject serves
as his or her own control eliminating between subject variability.
Nonetheless, a number of studies have shown some complicated
interactions related to order of treatment, which are consistent
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Table 6A | Spearman’s rank-order correlations between verbal and music memory tests and scores on scales of Happy and Focused in Group
PV (first session = placebo, second session = vasopressin).
DigitS-forward DigitS-forward DigitS-back DigitS-back MBEA MBEA Gordon Gordon
session 1 session 2 session 1 session 2 session 1 session 2 session 1 session 2
(N = 25) (N = 25) (N = 25) (N = 25) (N = 24) (N = 24) (N = 25) (N = 25)
Happy Session 1 0.02 −0.25 0.15 −0.08
Happy session 2 −0.1 −0.05 −0.13 −0.23
Focused session 1 −0.27 −0.24 0.10 0.11
Focused session 2 −0.14 0.08 0.31 0.21
Table 6B | Spearman’s rank-order correlations between verbal and music memory tests and scores on scales of Happy and Concentrated in
Group VP (first session = vasopressin, second session = placebo).
DigitS-forward DigitS-forward DigitS-back DigitS-back MBEA MBEA Gordon Gordon
session 1 session 2 session 1 session 2 session 1 session 2 session 1 session 2
(N = 25) (N = 25) (N = 25) (N = 25) (N = 20) (N = 20) (N = 25) (N = 25)
Happy session 1 0.09 0.19 0.61** 0.43*
Happy session 2 0.09 0.36 0.48* 0.26
Focused session 1 0.13 0.08 0.22 0.41*
Focused session 2 0.17 0.14 0.43 0.30
*p < 0.05; **p < 0.01.
FIGURE 2 | Scatter plot showing the relationship between scores on
the factor of “Happy” in the Positive and Negative Affect
Scale—PANAS (Tellegen et al., 1988) and Gordon memory scores in
the group receiving in the first session AVP (VP) as compared to
placebo (PV). Spearman’s rank–order correlations were significant only in
the VP Group (r = 0.43, p < 0.05).
with the data reported here. For example Till and Beckwith (1985)
found that desamino-D vasopressin (DDAVP) facilitatedmemory
for sentences in the first but not in the second session. Herzmann
et al. (2012) also reported a complex pattern of memory effects
in the presence of oxytocin, with unexpected reduced recollection
performance in the group receiving oxytocin in the first session
only, with effects in the second session interpreted as related to
differences in degree of proactive memory interference from ses-
sion 1 to session 2. In fact, even in rodents, learning session (first,
second or third), has been shown to be an important factor in
AVP effects (Alescio-Lautier et al., 2000). In addition, even bet-
ter researched effects such as those of cortisol on emotion, are
not free from session effects as Wirth et al. (2011) conclude:
“effects of cortisol on emotion vary based on situational factors,
such as drug administration order or familiarity with the tasks
and setting . . . . cortisol may only potentiate negative affect and
arousal ratings in the absence of other, overwhelming influences
on affect, such as the novelty of the setting and tasks in Session 1”
(p. 945).
Interestingly, the degrading effects of AVP on the musical tests
in the first session seem to be mediated by mood factors. Two
observations were found in relation to mood. First, Happy and
Focused mood scale scores were found to be higher in the VP
Group as compared with the PV Group. Second, those scoring
high on these scales performed better than those scoring low, but
only in the presence of vasopressin (VP Group). Those receiving
placebo in the first session showed no such association. A pos-
sible interpretation is that AVP interferes with musical memory
but only, or more significantly in those subjects who score low on
scales of positive valence (Happy), and attentiveness (Focused).
This interpretation would be consistent with thosemodels ofWM
stressing the role of attention as a bottleneck to WM (Cowan,
2001, 2005; Oberauer, 2002).
Selective rather than universal effects of neurohormones are
not surprising given the possible interactions between individual
Frontiers in Psychology | Auditory Cognitive Neuroscience October 2013 | Volume 4 | Article 712 | 8
Granot et al. Arginine vasopressin and musical memory
genetic differences, difference in state and trait measures, and the
complex cognitive or social tasks studied. This is clearly shown
in recent studies of the effects of Oxytocin. Thus, for example,
effects of oxytocin on empathic accuracy is influenced by base-
line social competency (Bartz et al., 2010), with effects found only
for low scorers. In another study, peripheral levels of oxytocin
in mothers were found to be associated with specific traits such
as sensitivity to perceptual stimulation and mood (Strathearn
et al., 2012). What maybe somewhat perplexing in our results
is the apparent contradiction between mean high levels of pos-
itive mood and alertness, found in the VP Group—two factors
with a potential to increase cognitive performance—and the rel-
atively low memory scores in this group. However, as Figure 2
shows, in this group but not in those receiving placebo, those
scoring medium or low on positive valence and alertness are espe-
cially prone to score low on the musical memory tests, whereas
those scoring especially high on these scales perform well on these
tests.
Positive mood, alertness and AVP are all associated with
arousal. AVP’s influence on arousal, has been shown using audi-
tory cortical ERP components related to attention, deviance
detection, and orienting. This general arousal effect has been
suggested by some researchers as the mediating factor in the
mnemonic effects of AVP (Born et al., 1998). Interestingly,
Pietrowsky et al. (1991) found that even when no such effects
are seen in the electrophysiological parameters, AVP affects self-
reported mood and activation similarly to what we report:
Toward overall increased reported activation and alertness.
Together these data suggest that AVP modulates musical mem-
ory indirectly through its influence on arousal and attention,
though the exact modulation is far from clear. One possibility is
that the degree to which this modulation is beneficial or detri-
mental to cognitive performance depends on the valence of the
mood (Eysenck, 1982). Positive mood with arousal driven by
music has been shown to enhance cognitive performance such
as spatial processing (Thompson et al., 2001; Husain et al., 2002;
Schellenberg et al., 2007) and may lead to better musical memory
performance. Indeed attention modulation through music’s abil-
ity to heighten arousal (using a pleasant upbeat children song)
has been suggested as one mechanism driving beneficial effects
of music on verbal memory in Alzeheimer patients (Simmons-
Stern et al., 2010). In contrast negative mood with arousal may
reflect stress, or result in distractibility in which case it could
impair memory. In general, as presented in the Introductionmost
of the effects of AVP in Humans show some complex interac-
tion between valence (e.g., response only to negative but not
positive or neutral faces) and performance (e.g., identification of
emotions).
One difference between the musical tests and the digit span
tests that could also contribute to the different pattern of results
is related to the emotional information found in music and lack-
ing in digits. This emotional information is often associated with
music’s ability to serve as a social signal, moving it closer to the
domain relevant to influences of AVP. Of course, in addition to
this difference there are other important differences between the
music and verbal tests which limit our ability to pinpoint the rea-
son for the differences in the AVP effects on the two types of
memory.
First, the digit span test is a test of recollection (subjects have
to repeat verbally the sequence), whereas the music tests do not
require active recollection but rather comparison (recognition).
Second, digits have a visual, verbal and auditory (phonetic) rep-
resentation whereas melodies, have (for non-musicians) only an
auditory representation. Moreover, memory for digits could rely
on explicit declarative memory, whereas memory for melodies on
procedural memory. Finally, students with no musical training
have much more experience with mentally manipulating digits as
compared to tones.
CONCLUSION
These caveats not withstanding, the current study suggests a pat-
tern whereby AVP modulates musical WM indirectly through its
ability to influence mood, attention and arousal. Interestingly
music itself is a potent modulator of arousal. Ranging from lul-
labies and play songs used by mothers to help their babies attain
an optimal level of arousal, attention and learning (Dissanayake,
2000; Malloch and Trevarthen, 2009), through meditative music,
trance music, or military songs to imbue warriors with energy
and courage, modulating arousal is one of music’s most typ-
ical usages cross culturally (Berlyne, 1971; Clayton, 2009).
Therefore, it is possible that the association found between
musical aptitude (as indicated by WM scores), creativity and
AVPR1a haplotypes, has to do more with individuals’ suscep-
tibility to changes in arousal and attention than with specific
cognitive or social abilities. While, much more work needs to
be done to verify this hypothesis, this possibility is especially
interesting given the differences found here between musical and
verbal WM.
REFERENCES
Alescio-Lautier, B., Paban, V., and
Soumireu-Mourat, B. (2000).
Neuromodulation of memory in
the hippocampus by vasopressin.
Eur. J. Pharmacol. 405, 63–72. doi:
10.1016/S0014-2999(00)00542-2
Alescio-Lautier, B., and Soumireu-
Mourat, B. (1999). Role of
vasopressin in learning and
memory in the hippocam-
pus. Prog. Brain Res. 119,
501–521. doi: 10.1016/S0079-6123
(08)61590-3
Alley, T. R., and Greene, M. E. (2008).
The relative and perceived impact
of irrelevant speech, vocal music
and non-vocal music on work-
ing memory. Curr. Psychol. 27,
277–289. doi: 10.1007/s12144-008-
9040-z
Ashby, F. G., Valentin, V. V., and
Turken, U. (2002). “The effects
of positive affect and arousal on
working memory and executive
attention: neurobiology and com-
putational models,” in Emotional
Cognition: From Brain to Behaviour,
eds S. Moore and M. Oaksford
(Amsterdam: John Benjamins),
245–287.
Bachner-Melman, R., Dina, C., Zohar,
A. H., Constantini, N., Lerer, E.,
Hoch, S., et al. (2005). AVPR1a
and SLC6A4 gene polymor-
phisms are associated with creative
dance performance. PLoS Genet.
1:e42. doi: 10.1371/journal.pgen.
0010042
Bachner-Melman, R., Zohar, A.
H., Elizur, Y., Nemanov, L.,
Gritsenko, I., Konis, D., et al.
(2004). Association between a
vasopressin receptor AVPR1A
promoter region microsatellite and
eating behavior measured by a
self-report questionnaire (Eating
Attitudes Test) in a family-based
www.frontiersin.org October 2013 | Volume 4 | Article 712 | 9
Granot et al. Arginine vasopressin and musical memory
study of a nonclinical population.
Int. J. Eat. Disord. 36, 451–460. doi:
10.1002/eat.20049
Baddeley, A. (1986). Working Memory.
Oxford: Clarendon.
Baddeley, A. (1992). Working mem-
ory. Science 255, 556–559. doi:
10.1126/science.1736359
Baron-Cohen, S., Wheelwright, S.,
Hill, J., Raste, Y., and Plumb, I.
(2001). The “reading the mind
in the eyes” test revised version:
a study with normal adults, and
adults with Asperger syndrome
or high-functioning autism.
J. Child Psychol. Psychiatry 42,
241–251. doi: 10.1111/1469-7610.
00715
Bartz, J. A., Zaki, J., Bolger, N.,
Hollander, E., Ludwig, N. N.,
Kolevzon, A., et al. (2010).
Oxytocin selectively improves
empathic accuracy. Psychol. Sci. 21,
1426–1428. doi: 10.1177/09567976
10383439
Beck, A. T., and Steer, R. A. (1990).
Manual for the Beck Anxiety
Inventory. San Antonio, TX:
Psychological Corporation.
Berlyne, D. (1971). Aesthetics and
Psychobiology. New York, NY:
Appleton-Century-Crofts.
Berz, W. L. (1995). Working mem-
ory in music: a theoretical model.
Music Percept. 12, 353–364. doi:
10.2307/40286188
Bielsky, I. F., and Young, L.
J. (2004). Oxytocin, vaso-
pressin, and social recognition
in mammals. Peptides 25,
1565–1574. doi: 10.1016/j.peptides.
2004.05.019
Born, J., Lange, T., Kern, W., McGregor,
G. P., Bickel, U., and Fehm, H.
L. (2002). Sniffing neuropeptides: a
transnasal approach to the human
brain. Nat. Neurosci. 5, 514–516.
doi: 10.1038/nn0602-849
Born, J., Pietrowsky, R., and Fehm,
H. L. (1998). Neuropsychological
effects of vasopressin in healthy
humans. Prog. Brain Res. 119,
619–642. doi: 10.1016/S0079-6123
(08)61595-2
Bos, P. A., Panksepp, J., Bluthé, R.-M.,
and Honk, J. V. (2012). Acute
effects of steroid hormones and
neuropeptides on human social–
emotional behavior: a review
of single administration stud-
ies. Front. Neuroendocrinol. 33,
17–35. doi: 10.1016/j.yfrne.2011.
01.002
Bugos, J., Perlstein, W., McCrae,
C., Brophy, T., and Bedenbaugh,
P. (2007). Individualized piano
instruction enhances execu-
tive functioning and working
memory in older adults. Aging
Ment. Health 11, 464–471. doi:
10.1080/13607860601086504
Caldwell, H. K., Lee, H.-J., Macbeth,
A. H., and Young, III. W. S. (2008).
Vasopressin: behavioral roles
of an “original” neuropeptide.
Prog. Neurobiol. 84, 1–24. doi:
10.1016/j.pneurobio.2007.10.007
Clayton, M. (2009). “The social and
personal functions of music in
cross-cultural perspective,” in
The Oxford Handbook of Music
Psychology, eds S. Hallam, I. Cross,
and M. Thaut (Oxford: Oxford
University Press), 35–44.
Cowan, N. (2001). The magical
number 4 in short-term mem-
ory: a reconsideration of mental
storage capacity. Behav. Brain
Sci. 24, 87–114. doi: 10.1017/
S0140525X01003922
Cowan, N. (2005). Working Memory
Capacity. New York, NY: Psychology
Press. doi: 10.4324/9780203342398
Darwin, C. (1871). The Descent of Man,
and Selection in Relation to Sex, Vol.
2. London: Murray.
Deutsch, D. (1970). Dislocation of
tones in a musical sequence: a mem-
ory illusion. Nature 226, 286. doi:
10.1038/226286a0
Dissanayake, E. (2000). “Antecedents
of the temporal arts in early
mother-infant interaction,” in
The Origins of Music, eds N. L.
Wallin, B. Mereker, and S. Braun
(Cambridge, MA: MIT Press),
389–410.
Donaldson, Z. R., and Young, L. J.
(2008). Oxytocin, vasopressin,
and the neurogenetics of social-
ity. Science 322, 900–904. doi:
10.1126/science.1158668
Drayna, D., Manichaikul, A., de Lange,
M., Snieder, H., and Spector, T.
(2001). Genetic correlates of musi-
cal pitch recognition in humans.
Science 291, 1969–1972. doi:
10.1126/science.291.5510.1969
Ebstein, R. P., Israel, S., Chew, S. H.,
Zhong, S., and Knafo, A. (2010).
Genetics of human social behav-
ior. Neuron 65, 831–844. doi:
10.1016/j.neuron.2010.02.020
Ebstein, R. P., Israel, S., Lerer,
E., Uzefovsky, F., Shalev, I.,
Gritsenko, I., et al. (2009).
Arginine vasopressin and oxy-
tocin modulate human social
behavior. Ann. N.Y. Acad. Sci. 1167,
87–102. doi: 10.1111/j.1749-6632.
2009.04541.x
Engelmann, M., and Landgraf, R.
(1994). Microdialysis administra-
tion of vasopressin into the sep-
tum improves social recognition
in Brattleboro rats. Physiol. Behav.
55, 145–149. doi: 10.1016/0031-
9384(94)90022-1
Eysenck, M. W. (1982). Attention and
Arousal, Cognition and Performance.
Berlin: Springer-Verlag. doi:
10.1007/978-3-642-68390-9
Eysenck, M. W., Derakshan, N., Santos,
R., and Calvo, M. G. (2007). Anxiety
and cognitive performance: atten-
tional control theory. Emotion 7,
336–353. doi: 10.1037/1528-3542.
7.2.336
Feany, M. B. (1996). Neuropeptide
modulation of learning and mem-
ory processes. Rev. Neurosci. 7,
151–164. doi: 10.1515/REVNEURO.
1996.7.2.151
Fehm-Wolfsdorf, G., Born, J., Elbert,
T., Voigt, K.-H., and Fehm, H.
L. (1985). Vasopressin does not
enhance memory processes: a
study in human twins. Peptides 6,
297–300. doi: 10.1016/0196-9781
(85)90055-5
Fujioka, T., Ross, B., Kakigi, R., Pantev,
C., and Trainor, L. J. (2006).
One year of musical training
affects development of auditory
cortical-evoked fields in young
children. Brain 129, 2593–2608. doi:
10.1093/brain/awl247
Gaab, N., Gaser, C., Zaehle, T.,
Jancke, L., and Schlaug, G.
(2003). Functional anatomy of
pitch memory—an fMRI study




Gais, S., Sommer, M., Fischer, S.,
Perras, B., and Born, J. (2002).
Post-trial administration of
vasopressin in humans does
not enhance memory forma-




Gordon, E. (1965). Musical Aptitude
Profile. Chicago, IL: Riverside
Publishing.
Granot, R. Y., Frankel, Y., Gritsenko,
V., Lerer, E., Gritsenko, I.,
Bachner-Melman, R., et al. (2007).
Provisional evidence that the argi-
nine vasopressin 1a receptor gene
is associated with musical memory.
Evol. Hum. Behav. 28, 313–318.
doi: 10.1016/j.evolhumbehav.
2007.05.003
Griffith, T. D., Flees, A., and Green,
G. G. (1999). Disorders of
human complex sound pro-
cessing. Neurocase 5, 365–378. doi:
10.1080/13554799908402733
Guastella, A. J., Kenyon, A. R., Alvares,
G. A., Carson, D. S., and Hickie,
I. B. (2010). Intranasal arginine
vasopressin enhances the encod-
ing of happy and angry faces
in humans. Biol. Psychiatry 67,
1220–1222. doi: 10.1016/j.biopsych.
2010.03.014
Heinrichs, M., and Domes, G.
(2008). Neuropeptides and social
behaviour: effects of oxytocin
and vasopressin in humans. Prog.
Brain Res. 170, 337–350. doi:
10.1016/S0079-6123(08)00428-7
Heinrichs, M., von Dawans, B., and
Domes, G. (2009). Oxytocin, vaso-
pressin, and human social behavior.
Front. Neuroendocrinol. 30, 548. doi:
10.1016/j.yfrne.2009.05.005
Herzmann, G., Young, B., Bird,
C. W., and Curran, T. (2012).
Oxytocin can impair memory
for social and non-social visual
objects: a within-subject inves-
tigation of oxytocin’s effects on
human memory. Brain Res. 1451,
65–73. doi: 10.1016/j.brainres.2012.
02.049
Hickok, G., Buchsbaum, B.,
Humphries, C., and Muftuler, T.
(2003). Auditory-motorinteraction
revealed by fMRI: speech, music,
and working memory in area
Spt. J. Cogn. Neurosci. 15,
673–682.
Ho, Y.-C., Cheung, M.-C., and Chan,
A. S. (2003). Music training
improves verbal but not visual
memory: cross-sectional and lon-
gitudinal explorations in children.
Neuropsychology 17, 439–450. doi:
10.1037/0894-4105.17.3.439
Huron, D. (2001). Is music an evolu-
tionary adaptation. Ann. N.Y. Acad.
Sci. 930, 43–61. doi: 10.1111/j.1749-
6632.2001.tb05724.x
Husain, G., Thompson, W. F., and
Schellenberg, E. G. (2002). Effects
of musical tempo and mode on
arousal, mood, and spatial abili-
ties.Music Percept. 20, 151–171. doi:
10.1525/mp.2002.20.2.151
Insel, T. R. (2010). The challenge of
translation in social neuroscience:
a review of oxytocin, vasopressin,
and affiliative behavior. Neuron 65,
768. doi: 10.1016/j.neuron.2010.
03.005
Iwanaga, M., and Ito, T. (2002).
Disturbance effect of music
on processing of verbal and
spatial memories. Percept.
Mot. Skills 94, 1251–1258. doi:
10.2466/pms.2002.94.3c.1251
Joëls, M., and Baram, T. Z. (2009).
The neuro-symphony of stress. Nat.
Rev. Neurosci. 10, 459–466. doi:
10.1038/nrn2632
Jonides, J., Lewis, R. L., Evan, N. D.,
Lustig, C. A., Berman, M. G., and
Moore, K. S. (2008). The mind
and brain of short-term memory.
Annu. Rev. Psychol. 59, 193–224.
doi: 10.1146/annurev.psych.59.
103006.093615
Frontiers in Psychology | Auditory Cognitive Neuroscience October 2013 | Volume 4 | Article 712 | 10
Granot et al. Arginine vasopressin and musical memory
Karma, K. (2007). Musical aptitude
definition and measure valida-
tion. Psychomusicol. Music Mind
Brain 19, 79–90. doi: 10.1037/
h0094033
Kirschner, S., and Tomasello, M.
(2009). Joint drumming: social
context facilitates synchroniza-
tion in preschool children. J. Exp.
Child Psychol. 102, 299–314. doi:
10.1016/j.jecp.2008.07.005
Knafo, A., Israel, S., Darvasi, A.,
Bachner-Melman, R., Uzefovsky, F.,
Cohen, L., et al. (2008). Individual
differences in allocation of funds
in the dictator game associated
with length of the arginine vaso-
pressin 1a receptor RS3 promoter
region and correlation between
RS3 length and hippocampal
mRNA. Genes Brain Behav. 7,
266–275. doi: 10.1111/j.1601-183X.
2007.00341.x
Koelsch, S., Schulze, K., Sammler, D.,
Fritz, T., Müller, K., and Gruber,
O. (2009). Functional architec-
ture of verbal and tonal working
memory: an FMRI study. Hum.
Brain Mapp. 30, 859–873. doi:
10.1002/hbm.20550
Landgraf, R., Gerstberger, R.,
Montkowski, A., Probst, J. C.,
Wotjak, C. T., Holsboer, F., et al.
(1995). V1 vasopressin receptor
antisense oligodeoxynucleotide
into septum reduces vasopressin
binding, social discrimination
abilities, and anxiety-related
behavior in rats. J. Neurosci. 15,
4250–4258.
Loup, F., Tribollet, E., Dubois-
Dauphin, M., and Dreifuss,
J. (1991). Localization of
high-affinity binding sites for
oxytocin and vasopressin in the
human brain. An autoradio-
graphic study. Brain Res. 555,
220–232. doi: 10.1016/0006-8993
(91)90345-V
Lupien, S. J., Maheu, F., Tu, M.,
Fiocco, A., and Schramek, T. (2007).
The effects of stress and stress
hormones on human cognition:
implications for the field of brain
and cognition. Brain Cogn. 65,
209–237. doi: 10.1016/j.bandc.2007.
02.007
Malloch, S., and Trevarthen, C. (2009).
“Musicality: communicating the
vitality and interests of life,”
in Communicative Musicality:
Exploring the Basis of Human
Companionship, eds S. Malloch,
and C. Trevarthen (Oxford: Oxford
University Press), 1–11.
Miller, G. (2000). “Evolution of human
music through sexual selection,”
in The Origins of Music, eds N. L.
Wallin, B. Mereker, and S. Braun
(Cambridge, MA: MIT Press),
329–360.
Mitchell, R., and Phillips, L. H. (2007).
The psychological, neurochemical
and functional neuroanatomical
mediators of the effects of positive
and negative mood on execu-
tive functions. Neuropsychologia
45, 617–629. doi: 10.1016/j.
neuropsychologia.2006.06.030
Oberauer, K. (2002). Access to infor-
mation in working memory:
exploring the focus of atten-
tion. J. Exp. Psychol. Learn.
Mem. Cogn. 28, 411–421. doi:
10.1037/0278-7393.28.3.411
Pechmann, T., and Mohr, G. (1992).
Interference in memory for
tonal pitch: implications for a
working-memory model. Mem.
Cogn. 20, 314–320. doi: 10.3758/
BF03199668
Peretz, I., Champod, A. S., and
Hyde, K. (2003). Varieties of
musical disorders. Ann. N.Y.
Acad. Sci. 999, 58–75. doi:
10.1196/annals.1284.006
Perras, B., Droste, C., Born, J., Fehm, H.
L., and Pietrowsky, R. (1997). Verbal
memory after three months of
intranasal vasopressin in healthy old
humans. Psychoneuroendocrinology
22, 387–396. doi: 10.1016/S0306-
4530(97)00047-4
Pietrowsky, R., Braun, D., Fehm, H.
L., Pauschinger, P., and Born, J.
(1991). Vasopressin and oxytocin
do not influence early sensory
processing but affect mood and
activation in man. Peptides 12,
1385–1391. doi: 10.1016/0196-9781
(91)90224-D
Pulli, K., Karma, K., Norio, R.,
Sistonen, P., Göring, H., and
Järvelä, I. (2008). Genome-
wide linkage scan for loci of
musical aptitude in Finnish
families: evidence for a major
locus at 4q22. J. Med. Genet. 45,
451–456. doi: 10.1136/jmg.2007.
056366
Roden, I., Kreutz, G., and Bongard, S.
(2012). Effects of a school-based
instrumental music program on
verbal and visual memory in
primary school children: a lon-
gitudinal study. Front. Psychology
3:572. doi: 10.3389/fpsyg.2012.
00572




Salamé, P., and Baddeley, A. (1989).
Effects of background music
on phonological short-term
memory. Q. J. Exp. Psychol. 41,
107–122. doi: 10.1080/1464074890
8402355
Sarter, M., Givens, B., and Bruno,
J. P. (2001). The cognitive
neuroscience of sustained atten-
tion: where top-down meets
bottom-up. Brain Res. Rev. 35,
146–160. doi: 10.1016/S0165-0173
(01)00044-3
Schellenberg, E. G., Nakata, T.,
Hunter, P. G., and Tamoto, S.
(2007). Exposure to music and
cognitive performance: tests of
children and adults. Psychol.
Music 35, 5–19. doi: 10.1177/
0305735607068885
Schulze, K., Zysset, S., Mueller, K.,
Friederici, A. D., and Koelsch, S.
(2011). Neuroarchitecture of ver-
bal and tonal working memory
in nonmusicians and musicians.
Hum. Brain Mapp. 32, 771–783. doi:
10.1002/hbm.21060
Seashore, C. E., Lewis, D., and Saetveit,
J. (1960). Measures of Musical
Talents (test). New York, NY:
Psychological Corporation.
Shalev, I., Israel, S., Uzefovsky, F.,
Gritsenko, I., Kaitz, M., and
Ebstein, R. P. (2011). Vasopressin
needs an audience: neuropep-
tide elicited stress responses are
contingent upon perceived social
evaluative threats. Horm. Behav. 60,
121–127. doi: 10.1016/j.yhbeh.2011.
04.005
Simmons-Stern, N. R., Budson, A.
E., and Brandon, A. A. (2010).
Music as a memory enhancer in




Snel, J., Taylor, J., and Wegman,
M. (1987). Does DGAVP
influence memory, attention
and mood in young healthy
men. Psychopharmacology 92,
224–228. doi: 10.1007/BF00177920
Strathearn, L., Iyengar, U., Fonagy, P.,
and Kim, S. (2012). Maternal
oxytocin response during
mother–infant interaction:
associations with adult tem-
perament. Horm. Behav. 61,
429–435. doi: 10.1016/j.yhbeh.2012.
01.014
Tellegen, A., Watson, D., and Clark, L.
(1988). Development and valida-
tion of brief measures of positive
and negative affect: the PANAS
scales. J. Pers. Soc. Psychol. 54,
1063–1070. doi: 10.1037/0022-
3514.54.6.1063
Thompson, R., George, K., Walton,
J., Orr, S., and Benson, J.
(2006). Sex-specific influences
of vasopressin on human social
communication. Sci. Signal. 103,
7889. doi: 10.1073/pnas.0600
406103
Thompson, R., Gupta, S., Miller,
K., Mills, S., and Orr, S. (2004).
The effects of vasopressin on





Thompson, W. F., Schellenberg,
E. G., and Husain, G. (2001).
Arousal, mood, and the
Mozart effect. Psychol. Sci. 12,
248–251. doi: 10.1111/1467-9280.
00345
Till, R. E., and Beckwith, B. E. (1985).
Sentence memory affected by
vasopressin analog (DDAVP) in
cross-over experiment. Peptides 6,
397–402. doi: 10.1016/0196-9781
(85)90103-2
Tinklenberg, J., and Thornton,




Ukkola, L. T., Onkamo, P., Raijas, P.,
Karma, K., and Järvelä, I. (2009).




Ukkola-Vuoti, L., Oikkonen, J.,
Onkamo, P., Karma, K., Raijas, P.,
and Järvelä, I. (2011). Association
of the arginine vasopressin receptor
1A (AVPR1A) haplotypes with
listening to music. J. Hum. Genet.
56, 324–329. doi: 10.1038/jhg.
2011.13
Uzefovsky, F., Shalev, I., Israel, S.,
Knafo, A., and Ebstein, R. P.
(2012). Vasopressin selectively




Wechsler, D. (1997). Wechsler Adult
Intelligenece Scale, 3rd Edn. San
Antonio: TX: Psychological
Corporation.
Werner, P. D., Swope, A. J., and
Heide, F. J. (2006). The music
experience questionnaire: develop-
ment and correlates. J. Psychol. 140,
329–345. doi: 10.3200/JRLP.140.4.
329-345
Wirth, M. M., Scherer, S. M.,
Hoks, R. M., and Abercrombie,
H. C. (2011). The effect of cor-
tisol on emotional responses
depends on order of cortisol
and placebo administration




Yirmiya, N., Rosenberg, C., Levi,
S., Salomon, S., Shulman, C.,
Nemanov, L., et al. (2006).
www.frontiersin.org October 2013 | Volume 4 | Article 712 | 11
Granot et al. Arginine vasopressin and musical memory
Association between the arginine
vasopressin 1a receptor (AVPR1a)
gene and autism in a family-based
study: mediation by socializa-
tion skills. Mol. Psychiatry 11,
488–494. doi: 10.1038/sj.mp.
4001812
Young, L. J., Toloczko, D., and Insel, R.
(1999). Localization of vasopressin
(V∼ 1∼ a) receptor binding and
mRNA in the rhesus monkey brain.
J. Neuroendocrinol. 11, 291–298.
doi: 10.1046/j.1365-2826.1999.
00332.x
Young, L. J., and Wang, Z. (2004).
The neurobiology of pair bonding.
Nat. Neurosci. 7, 1048–1054. doi:
10.1038/nn1327
Zatorre, R. J., Evans, A. C., and Meyer,
E. (1994). Neural mechanisms
underlying melodic perception and
memory for pitch. J. Neurosci. 14,
1908–1919.
Zink, C. F., Stein, J. L., Kempf,
L., Hakimi, S., and Meyer-
Lindenberg, A. (2010). Vasopressin
modulates medial prefrontal
cortex–amygdala circuitry dur-
ing emotion processing in
humans. J. Neurosci. 30,
7017–7022. doi: 10.1523/
JNEUROSCI.4899-09.2010
Conflict of Interest Statement: The
authors declare that the research
was conducted in the absence of any
commercial or financial relationships
that could be construed as a potential
conflict of interest.
Received: 22 July 2013; accepted: 18
September 2013; published online: 17
October 2013.
Citation: Granot RY, Uzefovsky F,
Bogopolsky H and Ebstein RP (2013)
Effects of arginine vasopressin on musical
working memory. Front. Psychol. 4:712.
doi: 10.3389/fpsyg.2013.00712
This article was submitted to Auditory
Cognitive Neuroscience, a section of the
journal Frontiers in Psychology.
Copyright © 2013 Granot, Uzefovsky,
Bogopolsky and Ebstein. This is an open-
access article distributed under the terms
of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permit-
ted, provided the original author(s) or
licensor are credited and that the origi-
nal publication in this journal is cited, in
accordance with accepted academic prac-
tice. No use, distribution or reproduction
is permitted which does not comply with
these terms.
Frontiers in Psychology | Auditory Cognitive Neuroscience October 2013 | Volume 4 | Article 712 | 12
